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Based on A Multi-Phase Transport (AMPT) model simulations, the transverse momentum dependent decorre-
lation has been studied in Pb-Pb collisions at
√
sNN= 2.76 and 5.02 TeV, respectively. It has been found that the
mix-order factorization ratio rm,n value deviates significantly from unity in noncentral collisions. Such effect
becomes stronger with an increase in the pT difference paT − pbT . These decorrelations are not only between the
same order harmonic but also between the different order harmonic, which as a result of the initial fluctuations
appear between the different phase spaces. It has also been found that the correlations involving higher powers
of the flow vector yield stronger decorrelation, rm|n;3 < rm|n;2 < rm|n;1 (m = 2, 3;n = 2, 3, 4, 5), except
for the weighted factorization ratio r3|4;k. The breaking phenomenon of these factorization ratios indicated that
it provides a possible observation for studying the initial fluctuation properties of heavy-ion collisions.
PACS numbers: 25.75.Ld, 25.75.Gz
I. INTRODUCTION
The primary goal of ultra-relativistic heavy-ion collisions is to understand the matter properties of Quark-Gluon Plasma
(QGP), which is produced in extreme conditions has been predicted by the Quantum Chromodynamics [1]. Anisotropic har-
monics flow plays a major role in probing the properties of the QGP at the Relativistic Heavy Ion Collider (RHIC) at BNL [2]
and Large Hadron Collider (LHC) at CERN [3]. The realization of higher-order harmonics flow and its fluctuations [4], the cor-
relation between the magnitude and phase of different order harmonics [5–7] and the transverse momentum and pseudorapidity
dependence of event plane angles [8] have led to a good understanding of the initial fluctuating states and the properties of the
strong QGP. Furthermore, the higher-order harmonics (n > 3) can arise from initial fluctuating anisotropies in the same order
harmonic (denoted linear response) or can be driven by lower-order harmonics (denoted nonlinear response) [9–12].
The experiment indicates that the flow vector fluctuations were observed by the decomposition of Fourier harmonics of the
two-particles azimuthal correlations [13]. To test the flow vector fluctuations, a useful observable is the factorization ratio,
rn,n, which encodes the correlations of flow harmonics at different transverse momenta or pseudorapidities [8, 14–22]. These
correlations revealed that the factorization ratio is sensitive to fluctuations in the initial states and not strongly dependent on the
viscosity of the system [23].
Furthermore, non-unity Person coefficient between different order harmonics has been studied in hydrodynamic [24, 25]. The
different order event plane could be decorrelated as a consequence of initial event-by-event fluctuations [26]. Following these
ideas, the main purpose of this paper is to illustrate a particular picture on the initial event-by-event fluctuations driven mixed
harmonics decorrelation (denoted mix-order factorization ratio breaking) in Pb-Pb collisions at LHC.
II. MATERIALS AND METHODS
One observable to probe the pT -dependent flow vector fluctuations is the factorization ratio, rn,n [14, 15, 20]. It can be
calculated using the two-particle Fourier harmonic by the same order. To test the mixed harmonics flows decorrelation, a mix-
order factorization ratio rm,n is expressed as
rm,n(p
a
T , p
b
T ) =
Vm,n(p
a
T , p
b
T )√
Vm,m(paT , p
a
T )Vn,n(p
b
T , p
b
T )
,
Vm,n(p
a
T , p
b
T ) = 〈Qm(paT )Q∗n(pbT )〉
= 〈vm(paT )vn(pbT )cos{mΨm(paT )− nΨn(pbT )}〉. (1)
Where
Qm(pT ) = |Qm(pT )|eimΨm(pT ) = vm(pT )eimΨm(pT ).
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2and Vm,n is the mth- and nth-order Fourier harmonic of the two-particle azimuthal correlations of the triggered and associated
particles from paT and p
b
T . Here, Qm and Qn are the m-ordr and n-order vectors from two different parts of a single event with
particles range in a positive or a negative pseudorapidity region, respectively. The Qm(Qn) is the vector for charged particles
in the present pT range, and angle brackets denote the average over all events within a given centrality range. To avoid self-
correlation, the triggered particles (denoted paT ) are always selected from the positive pseudorapidity region and the associated
particles (denoted pbT ) are from the negative pseudorapidity region. A psedorapidity gap |∆η| > 2 is applied between paT and
pbT to suppress nonflow effects. Correlations between Qm(Qn) of different harmonics represent higher-order correlations which
can provide crucial information on the initial-state and its fluctuations of the medium. For the case rm,n(paT , p
b
T ) ≤ 1, it means
that the factorization at the transverse momentum paT and p
b
T is partially decorrelated. These decorrelations can be due to the
flow vector fluctuations both of the flow magnitude and flow angle decorrelate [8] generated by initial event-by-event geometry
fluctuations. Flow angle decorrelation means that event-by-event differences in the effective flow angles Ψm(paT ) and Ψn(p
b
T )
at the two different transverse momentum in phase space. The factor cos{mΨm(paT ) − nΨn(pbT )} in the numerator of the
rm,n(p
a
T , p
b
T ) contributes from the pT -dependent fluctuating flow angle that could lead to the ratio breaking [26]. For vm(p
a
T )
and vn(pbT ) in different phase spaces, a and b, it will also contribute a flow magnitude fluctuation in event-by-event simulations
to the factorization ratio in Eq. (1). Even though it has been mentioned that flow magnitude and flow angle decorrelate in
event-to-event fluctuation by hydrodynamic calculations [20], this work does not distinguish the decorrelation caused by these
two sources, and only considers the overall flow decorrelation. When m = n, it returns the mix-order factorization ratio to be
rn,n(p
a
T , p
b
T ).
Correlators of higher powers of the same order flow in two different pT bins have been calculated in hydrodynamic [20].
Naturally, a mix-order factorization ratio weighted with different powers for Qm(Qn) can be defined as
rm|n;k(paT , p
b
T ) =
Vm|n;k(paT , p
b
T )√
Vm|m;k(paT , p
a
T )Vn|n;k(p
b
T , p
b
T )
,
Vm|n;k(paT , p
b
T ) = 〈Qm(paT )kQ∗n(pbT )k〉
= 〈vkm(paT )vkn(pbT )cos{k[mΨm(paT )− nΨn(pbT )]}〉. (2)
For k = 1 one recovers the factorization ratio Eq. (1), rm|n;1(paT , p
b
T ) = rm,n(p
a
T , p
b
T ).
In this work, the pT -dependent factorization ratios are investigated in Pb-Pb collisions at
√
sNN = 2.76 and 5.02 TeV for the
produced charged particles by the A Multi-Phase Transport (AMPT) model [27], respectively. It takes the specific shear viscosity
η/s = 0.273, one is calculated by the Lund string fragmentation parameters in AMPT [28], i.e., a = 0.5, b = 0.9 GeV−2, αs
=0.33 and µ = 3.2 fm−1. More thorough details of the AMPT model can be found in Ref. [27]. Base on AMPT event-by-event
simulation, the factorization ratios are calculated by the scalar-product method [29].
III. RESULTS
One study for pT -dependent flow vector fluctuations can be via the observable of the factorization ratio, rm,n. Although
the specific shear viscosity η/s = 0.08 has completed the calculation of the same order of rm,n (m = n) in AMPT [30], the
calculation of different orders of rm,n (m 6= n) has not been completed. In addition, hydrodynamic has pointed out that the
sensitivity of rm,n to η/s is relatively weak [23, 30]. Therefore, this paper focuses on the fluctuation properties rather than
the transport properties of QGP medium. In this work, the parameter η/s = 0.273 will be taken. The results of rm,n are
presented in Fig. 1 as a function of the pT difference paT − pbT in 40-50 % Pb-Pb collisions at 2.76 and 5.02 TeV from AMPT
event-by-event simulations (colored band), respectively. AMPT results are compared with the CMS [8] data (red points) at 2.76
TeV. In order to minimize the nonflow effects, a psedorapidity gap |∆η| > 2 is taken between the two correlated particles, a and
b. It is believed that |∆η| > 2 is enough to eliminate the nonflow effects in 40-50 % collision [19]. If a factorization breaks in
the correlation function of the two particles in the case of only the flow effects, it is implied that decorrelation could be caused
by the fluctuation of the flow. These flow fluctuations are mainly caused by the initial event-by-event geometry fluctuations
in heavy-ion collisions, which is also predicted by hydrodynamic [14, 15]. In Fig. 1, the factorization ratio rm,n significantly
deviates from unity in noncentral collisions. This effect becomes stronger with an increase in the pT difference paT − pbT . It
is indicated that pT -dependent flow vector significantly fluctuates in the presented pT range. From Fig. 1, it shows that the
broken effect of the factorization ratio is not only for the same order harmonic but also for the different order harmonic, e.g.,
r2,4, r2,5 and r3,5. It should be noted that the calculation of rm,n in Fig. 1 is based on Eq. (1). There are two contributions in
the numerator of Eq. (1), one of which is the contribution of {mΨm(paT ) − nΨn(pbT )}. Event plane Ψm(paT ) and Ψn(pbT ) are
fluctuating in different phase spaces in AMPT that could produce a factor less than unity. The results of event plane decorrelate
based on AMPT simulation have also been mentioned in Ref. [26]. Another part is that vm(paT ) and vn(p
b
T ) in different
phase spaces, a and b, will also contribute to a flow magnitude fluctuation. For the event-by-event AMPT simulations, these
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FIG. 1: (Color online) Factorization ratio rm,n as a function of the pT difference paT − pbT in 40-50 % Pb-Pb collisions at 2.76 and 5.02 TeV
from AMPT simulations (colored band), respectively. The simulate results of AMPT are compared with the 2.76 TeV on CMS [8] data (red
points).
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FIG. 2: (Color online) The weighted factorization ratio r2|n;k as a function of the pT difference paT − pbT in 40-50 % Pb-Pb collisions at 2.76
and 5.02 TeV, respectively. Up panels: for 2.76 TeV Pb-Pb collisions. Down panels: for 5.02 TeV Pb-Pb collisions.
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FIG. 3: (Color online) Similar distributions as shown in Fig. 2, but for the weighted factorization ratio r3|n;k.
fluctuations of the two sources will lead to the factorization ratio rm,n breaking, whether m is equal to n or not, the results are
shown in Fig. 1. It is also worth noted that there may be additional pseudorapidity-dependent fluctuations of flow angle Ψm and
magnitude vm which are not described in this work. Furthermore, the decorrelations are weakly dependence on the collision
energy.
Figures 2 and 3 shows the weighted factorization ratio rm|n;k as a function of the pT difference paT − pbT in 40-50 %
5Pb-Pb collisions at 2.76 and 5.02 TeV from AMPT event-by-event simulations, respectively. In Fig. 2, the up panels are
results of r2|n;k for 2.76 TeV on Pb-Pb collisions and the down panels are results of r2|n;k for 5.02 TeV on Pb-Pb collisions,
respectively. The charged trigger particles are chosen region in 2.4 < paT < 3.0 GeV/c. It is found that both ratios not
agree with unity over the presented paT − pbT range. The correlations involving higher powers of the flow vector yield
stronger decorrelation, r2|n;3 < r2|n;2 < r2|n;1 as shown in Fig. 2. Similar distributions for the weight factorization ratios
r3|n;k are also shown in Fig. 3. From Fig. 3, the correlations involving higher powers of the flow vector yield also stronger
decorrelation, r3|n;3 < r3|n;2 < r3|n;1, except for the weighted factorization ratio r3|4;k. As given by Eq. (2), the weighted
factorization ratio is also determined by the fluctuations of two different phase spaces, paT and p
b
T . The fluctuation of
the phase space will be amplified after considering the power weight. Therefore, after averaging the events, the weighted
factorization ratios will be distributed according to the power weight of fluctuations, i.e., r2|n;3 < r2|n;2 < r2|n;1 and
r3|n;3 < r3|n;2 < r3|n;1, except the r3|4;k. The r3|4;k do not satisfy the distribution of power weights like other order
harmonic factorizations, and the reason is not particularly clear. In addition, hydrodynamic [20] has pointed out that the
factorization ratios for higher powers of flow vectors do not factorize into the powers of the basic factorization ratios, i.e.,
rm|n;k(paT , p
b
T ) 6= rm,n(paT , pbT )k. Therefore, it may need to be more careful about reexamination of the fluctuation driven r3|4;k.
IV. SUMMARY
Base on AMPT event-by-event calculations, this paper has carried out the pT -dependent factorization ratio rm,n and weighted
factorization ratio rm|n;k in noncentral Pb-Pb collisions at
√
sNN= 2.76 and 5.02 TeV, respectively. The results of AMPT
calculations on Pb-Pb systems are compatible with the CMS data within error bars. By AMPT simulations, it is found that the
factorization ratio rm,n value deviates significantly from unity in noncentral collisions. Such effect becomes stronger with an
increase in the pT difference paT − pbT . These factorization ratios broken effects are not only for the same order harmonic, but
also for the different order harmonic, it indicates that decorrelations appear in the different phase spaces could be caused by
event-by-event initial fluctuations. It has also been found that the correlations involving higher powers of the factorization ratios
yield stronger decorrelation, rm|n;3 < rm|n;2 < rm|n;1 (m = 2, 3), except for the r3|4;k. The breaking phenomenon of these
factorization ratios indicates that it provides a possible observation for studying the initial fluctuation properties of heavy-ion
collisions.
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